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Abstract
Background/aims It has been suggested that normal func-
tion of both anal sphincters is essential for a good
functional outcome after colonic J-pouch-anal anastomosis
(CPAA). However, CPAA patients may have impaired
continence despite adequate sphincter function. The present
study was designed to identify those factors, which
contribute to the functional outcome after a handsewn
CPAA.
Materials and methods Forty patients were studied before
and 1 year after pouch surgery. Faecal continence was
evaluated using the Rockwood faecal incontinence severity
index (RFISI). At both occasions, maximum anal resting
pressure (MARP) and maximum anal squeeze pressure
(MASP) were recorded. In addition, sensory perception
threshold-volumes (SPT-V) and compliance were assessed
using an ‘infinitely’ compliant polyethylene bag connected
to an electronic barostat assembly.
Results The median RFISI score 1 year after surgery was
higher than the median RFISI score before surgery (13 vs 7
(p<0.01). The median MARP dropped significantly (p<
0.01) whereas the median MASP remained unaffected. The
mean compliance, calculated at three different sensation
levels, and the pouch sensory perception threshold-volumes
(PSPT-V) were lower than those of the original rectum (p<
0.05). The reduction of MARP showed no correlation with
the post-operative change in RFISI scores. Low PC and low
PSPT-V were associated with higher RFISI scores.
Conclusion Low pouch compliance and low SPT-V ad-
versely affect functional outcome after a handsewn colonic
J-pouch-anal anastomosis.
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Introduction
After total meso-rectal excision for rectal cancer, surgeons
often try to avoid an abdomino-perineal resection by
performing a trans-anally double-stapled low colorectal
anastomosis (LRA), often without a pouch. The functional
outcome after such a LRA is not as good as previously
thought [1, 2], especially after pre-operative radiotherapy [3,
4]. It has been shown that the addition of a pouch improves
the functional outcome and quality of life [5, 6]. A poor
functional outcome after LRA or straight colo-anal anasto-
mosis without a pouch is characterised by a high defaecation
frequency, urgency and impaired continence, especially
during the first 2 years after the operation. Decrease in
internal and external anal sphincter functions due to direct
injury of the nervous supply [7, 8], abolishment of the recto-
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anal inhibitory reflex [9, 10] and the level of the anastomosis
[11] have been related to functional impairment after LRA.
In a recent study, we demonstrated that poor functional
outcome after handsewn colonic J-pouch-anal anastomosis
(CPAA) utilising a Scott retractor was not due to alterations
of the anal sphincters [12]. The question therefore is whether
other factors such as pouch compliance and pouch sensory
perception attribute to functional outcome. A recent meta-
analysis conducted by Heriot et al. revealed that pouch
sensory perception threshold-volumes (PSPT-V) are larger in
patients with a CPAA than in those with a straight
anastomosis. However, no difference was found for resting
or squeeze pressure [5].
Although functional outcome after CPAA is better than
after low colorectal anastomosis without a pouch, a number of
patients with a CPAA have impaired continence despite
adequate sphincter function. The aim of our study was to
investigate whether compliance and sensory perception are
different in a colonic J-pouch compared to the original rectum.
In addition, a possible relationship between compliance and
sensory perception and functional outcome was evaluated.
Materials and methods
Between January 1999 and June 2003, 46 consecutive
patients entered the study after signing informed consent.
Forty patients presented with cancer located in the middle
or lower third of the rectum. Six patients had a large villous
adenoma of the rectum, which was un-suitable for
endoscopic resection. Before the operation, all 46 patients
underwent anal manometry and barostat measurements.
One year after surgery, these measurements were repeated
in 40 patients. In addition, patients were asked to fill out a
questionnaire to assess faecal continence at both occasions.
In six patients, this post-operative evaluation could not be
performed. Two patients had died within 1 year after the
operation. The cause of their death was not related to the
procedure or their underlying cancer. In the other four
patients, the surgeon had decided to perform an abdomino-
perineal resection during surgery. Nine patients who were
evaluated 1 year after the operation received pre-operative
radiotherapy. The radiotherapy was applied through a
posterior–anterior field and 2 lateral fields with a total
dosage of 25 Gy (5×5 Gy). The target volume of the
radiotherapy consists of the primary tumour and the
mesentery with the vascular supply containing the peri-
rectal, pre-sacral and internal iliac nodes. Eight patients
with stage III rectal cancer and 1 patient with stage II rectal
cancer received adjuvant chemotherapy; 6 months of 5-
fluorouracil given along with leucouvorin. None of the
patients had any detectable signs of local recurrence or
distant metastases at 1-year follow-up. There was no history
of neurological disease, connective tissue disorder or
diabetes mellitus in any of the patients. The study was
approved by the ethical committee of the Erasmus MC.
Surgery
All patients were operated on by one colorectal surgeon
(W.R.S). A total meso-rectal excision was performed with
central ligation of the inferior mesenteric artery and vein
including autonomic nerve preservation. The left part of the
colon was mobilised proximally to the splenic flexure. The
rectum was mobilised until the pelvic floor was reached. Just
above the pelvic floor, the rectum was transected between two
right-angled bowel clamps. To gain access to the anal canal, a
Scott retractor was used (Lone Star Retractor System, Lone
Star Medical Products, Houston, TX, USA). The remaining
mucosa was removed from the dentate line up to the upper
margin of the transectedmucosa. For the construction of the 5-
to 7-cm-long colonic J-pouch, the distal part of the descending
colon was used. All epiploic appendices were removed to
reduce the amount of fatty mass. The colonic J-pouch was
anastomosed to the dentate line with interrupted sutures
Maxon 3.0 (United States Surgical Corporation, Norwalk,
CT, USA). None of the patients had a temporary diverting
ileostomy or trans-anal drains. All patients were immobilised
for 5 days. During this period, metronidazole and cefuroxime
were administered intravenously three times daily.
Anal manometry
Between 1999 and October 2001, a micro-tip pressure
transducer (Millar Instruments, Houston, TX, USA) with an
outside diameter of 1.7 mm and after October 2001, a
dynamic pull-through technique (2 mm/s) with a 4-channel
water-perfused (0.5 ml/min) catheter (MMS system,
Enschede, The Netherlands) were used for manometry. No
specific bowel preparation was used. To perform manometry,
patients were positioned in the left lateral position. Zero
pressure calibration was done at the anal orifice level before
introducing the catheter. After introduction and stabilisation in
the rectum, the catheter was withdrawn. The high-pressure
zone was registered; this was defined as an increase in
pressure of more than 5 mmHg. Maximum anal resting
pressure (MARP) was averaged across the four channels by
using the maximum plateau phase of all channels. After
introducing the catheter a second time, the patient was asked
to squeeze at 0.5-cm intervals. The maximum squeeze
pressure was calculated by averaging the highest squeeze
pressures recorded by each channel. The recto-anal inhibitory
reflex was elicited by distending a rectal balloon with different
volumes of air. Paradoxical straining was defined as an
increase of 10 mmHg combined with a maximum resting
pressure of more than 60 mmHg.
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Barostat measurement
For this study, both ends of a thin, ‘infinitely’ compliant
polyethylene bag were fastened hermetically to 1 side of a
polyvinyl catheter (7 mm in the outer diameter and marked
at each 10 cm) proximal and distal of 5 holes, covering a
distance of 5 to 7 cm from the end of the catheter [13].
Before surgery, this bag was attached at a distance of 5 to
7 cm from the end of the catheter. After pouch construction,
the bag was fastened at 4–5 cm. The bag is fastened at both
ends of the polyvinyl catheter to prevent axial expanding
thereby allowing the bag to fully engage the circumference
of the rectal wall. No tension is created in the walls of the
bag in the interval between 0–600 cc of air and therefore,
distension pressure is transferred entirely on the rectal wall.
The catheter was linked to a strain gauge and a computer-
controlled air injection system (G&J Electronics, Ontario,
Canada). The device was switched on at least 45 min before
the measurement to allow the device to warm up. This time
allows for the temperature drift of the pressure transducer to
reach its maximum.
All patients and control subjects were asked to attempt to
empty their bladder and rectum before measurement.
With the patient in left lateral position, the bag was
inserted into the rectum, 10 cm from the anal canal. This
was accomplished with the help of the scale on the catheter.
Before each measurement, approximately 50 cc of air was
injected into and aspirated from the bag to un-fold it. After
this, the bag was inflated with air to selected pressure-
plateaus (range 0–60 mmHg; rising in cumulative steps of
2 mmHg at a stimulation duration of 10 s) with the help of
the computer-controlled electromechanical barostat system.
Volume changes at the various levels of distending
pressures were recorded and expressed in cc of air.
Subjects were instructed to report when they experienced
the first sensation of content in the rectum (FS), earliest
urge to defaecate (EUD) and maximum tolerable volume
(MTV). The various levels of distending pressures needed
to evoke these different sensations were noted. First, the
entire pressure–volume curves of all patients, before and
after surgery, and control subjects were plotted and
compared. Second, the compliance of the rectal wall was
calculated by taking the slope of the pressure–volume curve
(ΔV/Δp) at the three different sensation levels.
Faecal incontinence score
A questionnaire was used to determine the faecal incontinence
severity index (FISI) score before and after surgery [14]. This
is a validated index based on a type X frequency matrix. The
matrix includes four types of leakage commonly found in the
faecal incontinent population: gas, mucus, liquid and solid
stools and five frequencies: once to three times per month,
once per week, twice per week, once per day and twice per
day. For the specification of the weighting scores, patient
input was used. Scores range from 0 (total continence) to 61
(complete incontinence to solid stool on a daily basis).
Statistical analysis
Differences in the FISI score, ano-rectal manometry and
barostat measurements before and after surgery were evalu-
ated using the Wilcoxon signed ranks test (median, p value).
Nominal data before and after surgery were compared with
McNemar’s test. Spearman’s correlation coefficients were
used for the evaluation of the changes in ano-rectal
manometry and barostat findings vs FISI score. Comparison
of changes between patient groups was conducted using the
Mann–Whitney test. The limit of statistical significance was
set at p=0.05 (two-sided).
Results
Demographic characteristics and oncological data of all
patients are listed in Table 1. Minor complications occurred
in 4 out of 40 (10%) patients. Two patients developed
urinary retention. Another patient was treated for symptoms
of urinary tract infection. A fourth patient suffered from
abdominal wound infection. None of the patients experi-
enced post-operative clinical anastomotic leakage.
One year after surgery, the median Rockwood faecal
incontinence severity index (RFISI) score was found to be
increased (pre-operative=6, post-operative=13; p<0.01)
(Table 2). With respect to the increase of this score, no
differences were found between patients with and without
pre-operative radiotherapy (15 and 12, respectively).
Comparing pre-operative and post-operative manometric
measurements, the median MARP was found to be signifi-
cantly lower (p<0.02), 1 year after the operation. The median
maximum anal squeeze pressure (MASP) remained the
Table 1 Baseline characteristics
Demographic characteristics and oncological data of all patients
Number of patients 40
Median age (years) (range) 57 (41–74)
Median time interval after surgery (months) 12 (10–15)
Male/female 26/14
Tumour stage
Villous adenoma (%) 7 (17)
Stage I=T1–2 N0 M0 (%) 9 (23)
Stage II=T3–4 N0 M0 (%) 16 (40)
Stage III=T1–4 N1 M0 (%) 8 (20)
Pre-operative radiotherapy (%) 9 (23)
Post-operative chemotherapy (%) 5 (13)
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same. The observed changes in MARP showed no correla-
tion with the post-operative alterations in RFISI scores. The
reduction of MARP was significantly greater in the patients
who received pre-operative radiotherapy (25% vs 43%, p=
0.02). The MASP was not affected by pre-operative radiotherapy. The results of the anal manometry and barostat
measurements in patients with or without radiotherapy are
shown in Table 3. Before operation, the recto-anal inhibitory
reflex (RAIR) was present in all patients. One year after
surgery, this reflex was detected in 58% of the patients (p<
0.01). The presence or absence of this reflex did not
influence the final RFISI score (p=0.11).
During rectum distension with stepwise increasing
pressures, the pressure–volume curves showed an S-shaped
form in all patients. One year after the operation, the neo-
rectal pressure–volume curves showed a similar S-shaped
form. The PSPT-V for the FS, EUD and MTV were
significantly lower than those obtained in the original
rectum (all p<0.02) (Fig. 1). Comparing patients with and
without pre-operative radiotherapy, no differences were
found in the PSPT-V. At 1-year follow-up, the mean
compliance calculated from ΔV/Δp at the different sensa-
tion levels was significantly lower than the compliance of
the original rectum (Fig. 2). Pouch compliance was not
affected by pre-operative radiotherapy (Table 3).
There was a significant correlation between the increase in
RFISI score and the post-operative decrease in SPT-V for EUD
and MTV (p=0.02 and p=0.002, respectively). The increase
in RFISI scores also correlated with the post-operative
reduction in compliance calculated at each point of individual
perception thresholds (FS, p=0.01; EUD, p=0.005; MTV, p=
0.003) (Fig. 3).
Discussion
After total meso-rectal excision for rectal cancer, surgeons
often try to avoid an abdomino-perineal resection by
Table 2 RFISI scores and anorectal manometric findings before and





6 (0–30) 13 (0–44) p<0.001
MARP
(mmHg)
65 (32–130) 45 (21–88) p<0.001
MASP
(mmHg)
163 (59–363) 151 (55–324) p=0.19
RAIR 100% 58% p<0.01
Values are presented as the median (range).
RFISI score: Rockwood Faecal Incontinence Severity Index, MARP:
maximum anal resting pressure, MASP: maximum anal squeeze
pressure, RAIR: recto-anal inhibitory reflex.
Fig. 1 Volume thresholds for (neo)rectal filling sensations during
isobaric phasic distention (median values and range). FS first
sensation, EUD earliest urge to defaecate, MTV maximum tolerated
volume, CPAA colonic J-pouch-anal anastomosis. *p = 0.008, **p =
0.018 and ***p = 0.009 (Wilcoxon signed rank test)
Table 3 RFISI scores, anorectal manometric findings and barostat












RFISI score 12 (0–40) 15 (0–30) p = 0.29
MARP
(mmHg)
49 (29–88) 37 (21–79) p < 0.02
MASP
(mmHg)
156 (55–324) 135 (67–280) p = 0.20
RAIR 61% 44% p = 0.32
Volume FS 54 (17–100) 42 (8–78) p = 0.37
Volume
EUD
116 (32–193) 92 (25–210) p=0.11
Volume
MTV
166 (71–280) 138 (40–255) p = 0.23
Compliance
FS
3.7 (1.6) 5.1 (2.1) p = 0.52
Compliance
EUD
4.3 (1.2) 3.2 (0.8) p = 0.07
Compliance
MTV
4.9 (0.9) 3.8 (1.1) p = 0.09
Values are presented as the median (range).
Median volume thresholds (and range) and compliance (mean value
and standard deviation) for (neo)rectal filling sensations during
isobaric phasic distention (median values and range).
RFISI score: Rockwood Faecal Incontinence Severity Index, MARP:
maximum anal resting pressure, MASP: maximum anal squeeze
pressure, RAIR: recto-anal inhibitory reflex, FS: first sensation, EUD:
earliest urge to defaecate, MTV: maximum tolerated volume.
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performing a trans-anal double-stapled low colorectal anasto-
mosis, often without a pouch. The functional outcome after
such an anastomosis is not as good as previously thought [1],
especially after pre-operative radiotherapy [3, 4]. In most
patients, a poor functional outcome is characterised by a high
defaecation frequency, urgency and impaired continence,
especially during the first 2 years after the operation. The
exact incidence of these defaecation disturbances is un-
known. A recent study indicated that 1 year after a double-
stapled side-to-end colorectal anastomosis without a pouch,
30% of the patients still experience problems with their
bowel function, adversely affecting their daily life [15]. A
straight colo-anal anastomosis without a pouch is associated
with similar problems. Almost all patients encounter defae-
cation disturbances during the first 2 years after the
procedure. In approximately one third of the patients, these
problems become a permanent disability [16–18]. During the
last two decades it has become clear that the addition of a
pouch improves the functional outcome and quality of life
after colo-anal anastomosis [5, 6]. This statement is
supported by the findings of our study. The median post-
operative RFISI score observed in our patients was 13. It
seems likely that this minor deterioration of continence did
not affect the quality of life of our patients because it has
been reported that only a score of over 30 has a detrimental
effect on quality of life [19].
Fig. 2 Compliance, calculated at each point of sensory perception
threshold, during isobaric phasic distention (mean values and standard
deviation). FS first sensation, EUD earliest urge to defaecate, MTV
maximum tolerated volume, CPAA colonic J-pouch-anal anastomosis.
*p = 0.036, **p = 0.001 and ***p = 0.001 (Wilcoxon signed rank test)
Fig. 3 Correlation analysis showing the inverse relationship between
the change in RFISI scores and the changes in compliance calculated
at each point of sensory perception. FS first sensation, EUD earliest
urge to defaecate, MTV maximum tolerated volume, RFISI Rockwood
Faecal Incontinence Severity Index

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It has been shown that total meso-rectal excision results
in a sustained reduction of maximum anal resting pressure,
irrespective of the level and the type of the anastomosis [1,
6, 20–23]. Based on this finding, it seems unlikely that this
pressure drop affects the functional outcome. In the present
study, we observed an overall pressure drop of 30%.
However, this significant reduction of MARP showed no
correlation with post-operative alteration in RFISI scores.
The patients who received pre-operative radiotherapy
encountered an even more pronounced pressure drop of
52%. A similar finding has been reported by other authors
[24, 25]. According to these authors, irradiation is associ-
ated with internal anal sphincter damage, thereby resulting
in impaired ano-rectal function. However, all their patients
underwent a low colorectal anastomosis without a pouch.
Two recent studies have revealed that the detrimental effect
of pre-operative radiotherapy on functional outcome is less
explicit in patients who underwent a colonic J-pouch-anal
anastomosis [26, 27]. Our present study confirms these
findings. We could not demonstrate any correlation be-
tween the reduction of MARP and the functional outcome
in our patients who received pre-operative radiotherapy.
At 1-year follow-up, we did not find a significant
reduction in MASP and thereby no correlation with the
final RFISI score. In a previous study, we have shown that
a pouch-anal anastomosis, hand-sutured to the dentate line
with the help of a Scott retractor, does not affect the EAS.
The volume, length and thickness of this muscle did not change
and MASP remained un-affected [2]. Zimmerman et al.
conducted a randomised trial to compare the Park’s retractor
vs the Scott retractor with regards to their impact on faecal
continence after fistula repair [28]. MARP and RFISI scores
deteriorated significantly after the use of a Park’s retractor
whereas these changes were not observed when the repair was
performed with a Scott retractor. In ileoanal pouch surgery, it
has been speculated that functional outcome could be
improved by preserving the anal transition zone. The anal
transition zone, thought to be important in continence,
contains nerve endings that differentiate solid and liquid stools
from gas. However, three prospective, randomised trials have
demonstrated no significant difference in functional results for
patients in whom a mucosectomy was performed vs those
patients in whom the proximal anal canal mucosa was
preserved [29–31].
Based on our manometric findings it is obvious that
other factors contribute to the functional outcome after a
colonic J-pouch-anal anastomosis. During the last decade,
several studies have evaluated compliance and SPT-V in
patients with and without a colonic pouch. With respect to
the influence of compliance and sensory perception on
functional outcome, the reported data are rather conflicting.
Four studies suggest that the better outcome after a CPAA
is due to a higher compliance with associated higher SPT-V
[22, 32–34]. In contrast, three other studies revealed that
the neo-rectal wall properties had no detectable influence
on functional outcome [35–37]. The authors of these three
studies suggested that the better functional outcome in
patients with a CPAA might be due to the design of the
pouch with its anisoperistaltic limb resulting in the reversal
of propulsive movements. In the present study, we
investigated the influence of neo-rectal wall properties on
the functional outcome among patients with a uniform
pouch design. We did not compare patients with and
without a pouch. Even in our patients with a uniform
pouch design, we found a significant correlation between
neo-rectal wall properties and functional outcome: the
higher the compliance, the better the outcome. However,
the configuration of the pouch may not be too large because
long-term evacuation problems may occur. The optimal
pouch size used for reconstruction was evaluated in 2
prospective randomised trials comparing a long (10 cm) vs
a short (5–6 cm) J-pouch [38, 39]. In both studies, the short
pouch was accompanied by a better evacuation function
and a reduced use of laxatives or suppositories. In our
study, the mean length of the J-pouch varied between 5 and
7 cm. Three of our patients complained of evacuation
difficulties after CPAA. These patients were successfully
treated with retrograde colonic irrigation, as described in a
previous study [40]. Data reported by van Duijvendijk et al.
also illustrate the impact of compliance and sensory
perception [41]. They examined the influence of pre-
operative radiotherapy on the functional outcome after
trans-anally double-stapled low colorectal anastomosis by
comparing patients with and without radiotherapy. They
found that in the patients who received radiotherapy,
compliance was significantly lower, which was associated
with a higher defaecation frequency and faecal inconti-
nence. In our study, we were not able to demonstrate this
detrimental effect of pre-operative radiotherapy. All our
colonic pouches were constructed of the non-irradiated
distal part of the descending colon. These pouches were
sutured to the dentate line after removing the entire
irradiated rectum. Based on our findings, it seems prefer-
able to create a colonic pouch-anal anastomosis rather than
to leave an irradiated rectal remnant for a low colorectal
anastomosis. Our r-squared values do suggest that compli-
ance and sensory perception are not the only factors
contributing to the functional outcome after a colonic J-
pouch-anal anastomosis. Another study is warranted to
investigate these other factors.
In the treatment of patients with cancer located in the
middle or lower third of the rectum, total meso-rectal
excision is now being established as the therapeutic gold
standard. After this procedure, a trans-anally double-stapled
anastomosis can only be constructed at the level of or just
above the pelvic floor. Most surgeons believe that the
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preservation of a short rectal remnant is beneficial for the
patient. However, it has been shown that this does not offer
any functional advances [11, 42]. Moreover, most surgeons
under-estimate the high risk of anastomotic leakage after
the construction of such a low anastomosis. Recently, a
population-based study from Sweden revealed that the
incidence of this serious complication was 24% when the
anastomosis was located within 6 cm from the anal verge [43].
Such an anastomotic leakage in this region is associated not
only with a high morbidity, but also with a significant
mortality [44]. It has also been reported that an anastomotic
leakage adversely effects disease-free survival [45]. The
reported incidence of anastomotic leakage after colonic J-
pouch-anal anastomosis varies between 0% and 9%, which
seems to be much lower than after a double-stapled low
rectal anastomosis [46, 47]. This is in agreement with our
own experience. None of our patients received a temporary
diverting ileostomy. Nevertheless, we did not observe any
anastomotic breakdown after the procedure. Further studies
that address this issue are needed.
During the last decade, it has been demonstrated that the
transverse coloplasty pouch, as described by Z’Graggen et al.
from Bern, is a good alternative for the colonic J-pouch [48].
There is growing evidence that both pouches have similar
wall properties and comparable functional outcome [36, 49,
50]. Mantyh et al. compared neo-rectal wall properties and
functional results among patients receiving a transverse
coloplasty pouch, a colonic J-pouch or a straight anastomosis
[49]. Compliance and sensory perception were found to be
higher in patients with a pouch than in patients with a
straight anastomosis. This was associated with a better
functional outcome. Based on these findings and those
obtained from the present study, it is obvious that both neo-
rectal compliance and neo-rectal sensory perception are
major contributing factors to a good functional outcome
after total meso-rectal excision. In our opinion, all patients
who are scheduled for total meso-rectal excision should be
offered either a colonic J-pouch or a coloplasty pouch,
especially to overcome the poor early post-operative function
after straight colo-anal anastomosis.
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